Earlier studies indicated that density-arrested cancer cells released an unidentified growth inhibitor whose secretion was prevented by overexpression of the lysosomal protease cathepsin D (cath D). In this study, this growth inhibitor was purified by affinity chromatography and identified as the heat shock cognate 70 protein (hsc70) based on its peptide microsequencing and specific antibody recognition. Among intracellular proteins, including other heat shock proteins, only constitutive hsc70 was secreted in response to the high-cell density. Moreover, hsc70 secretion from cancer cells was generated by serum deprivation, whereas its cellular concentration did not change. Prevention of Hsc70 secretion by cath D overexpression was associated with the formation of multilayer cell cultures, thus indicating a loss of contact inhibition. In addition, we showed that supplementing the culture medium with purified hsc70 inhibited cell proliferation in the nanomolar range. Conversely, removal of this extracellular hsc70 from the medium by either retention on ADP-agarose or competition at the Hsc70 binding site restored cell proliferation. Hsc70 appears active in human breast cancer cells and hypersecreted by direct cath D inhibition. These results suggest a new role of this secreted hsc70 chaperone in cell proliferation that might account for the higher tumor growth of cancer cells overexpressing cath D.
Introduction
Stress-related proteins are known as heat shock proteins (Hsp) and are divided into families according to their average molecular weight. The 70-kDa Hsp family is composed of heat inducible proteins (Hsp70), which are expressed under cellular stress conditions, and heat shock cognate proteins (hsc70), which are constitutively expressed without any stress stimulation (Dworniczak and Mirault, 1987) . These ATP-dependent proteins are involved in important cellular functions. Hsc70 is most efficient when associated with heat shock factor cochaperones (Morimoto, 1998) , and could also bind to nascent polypeptides (Beckmann et al., 1990) and to polypeptides containing abnormal amino acids, dissociate clathrin from clathrin coats (Rothman and Schmid, 1986) and promote lysosomal degradation of cytosol proteins (Chiang et al., 1989) . Hsc70 contains signal peptides, which allow its nucleolar or its cytoplasmic localization (Tsukahara and Maru, 2004) . Hsc70 is expressed in non-malignant mammary cells as well as breast cancer cells (Soulier et al., 1996; Vargas-Roig et al., 1998; Kao et al., 2003) and the overexpression of Hsp/hsc70 in chemoresistant cancer cells (Ciocca et al., 1992 (Ciocca et al., , 2003 Lazaris et al., 1997; Vargas-roig et al., 1997 Vargas-roig et al., , 1998 has prompted studies regarding possible clinical markers of these proteins (Elledge et al., 1994; Nylandsted et al., 2002; Thanner et al., 2003; Ciocca and Calderwood, 2005; Torronteguy et al., 2006) . As the heat shock protein 70 family is primarily implicated in several intracellular functions, the presence of extracellular Hsp70 was evidenced on tumor cell surfaces (Multhoff et al., 1995; Melendez et al., 2006) , suggesting an immunological role through, for instance, the stimulation of effector cells of the innate immune system (Udono and Srivastava, 1993; Srivastava, 2005) . Stressed rat cells (Hightower and Guidon, 1989) and human cells, such as myocardium (Zou et al., 2008) , HeLa (Saito et al., 2005) , erythroleukemic (Barreto et al., 2003) and neural cells (Tytell, 2005) together with synapses (Chen and Brown, 2007) , can release Hsc70. However, little is known for unstressed breast cancer.
Pioneer studies (Abercrombie and Heaysman, 1954; Eagle and Levine, 1967) have shown that contact inhibition of cell growth, that is, the mechanism by which cell-cell contacts mediate antiproliferative signals, has a fundamental role in regulating homeostasis in normal tissues. In contrast, the loss of contact inhibition is one trait of cancer cells, which can also grow to higher saturation densities and form multilayered foci (Abercrombie, 1979) . This cellular behavior contributes to disruption of natural tissue barriers, and favors tumor spreading.
We previously have shown that the growth of cancer cells to higher density was promoted when these cells overexpressed cathepsin D (cath D) (Garcia et al., 1990; Glondu et al., 2002) . Furthermore, we have shown that these effects are due to modulation of extracellular growth inhibitor(s) produced by high-density cells, but the nature of the inhibitor(s) is still unknown (Liaudet et al., 1995) . In this report, we show that hsc70 is the main protein secreted by density-arrested 3Y1-Ad12 cancer cells and is associated with the antiproliferative activity of conditioned medium (CM). The extracellular release of Hsc70 is not the result of cell lysis but appears positively regulated by either serum deprivation or cell density, or negatively regulated by cath D overexpression. In addition, human breast cancer cells also secreted Hsc70, and this secretion is enhanced by adding the cath D inhibitor pepstatin A or by cath D silencing. Finally, the growth inhibition obtained at nanomolar concentrations of purified secreted Hsc70 in 3Y1-Ad12 cancer cells or recombinant Hsc70 in human cell lines strongly supports the hypothesis that decreased Hsc70 secretion may be involved in the loss of contact inhibition and high-density growth of cancer cells.
Results
Purification and identification of an extracellular protein associated with growth inhibition Conditioned culture media from 3Y1-Ad12 cells arrested at confluency were used to purify factor(s) associated with growth inhibition. Protein components were separated by high pressure liquid chromatography (HPLC) and the elution profile was recorded with an UV detector (Figure 1a ). Each fraction was evaluated for antiproliferative activity in rat mammary adenocarcinoma (RBA) cells (Cohen et al., 1974) test, which was previously shown to be a better antiproliferative test than that with 3Y1-Ad12 cells (Liaudet et al., 1995) . The antiproliferative activity appeared to be concentrated as a single peak around fraction 48, which corresponded to an apparent molecular weight of 240 kDa in a gel filtration column (arrows in Figure 1a ). This activity was also found as a single peak in another HPLC condition performed on a mono Q anion-exchange column with an elution carried out with a salt concentration of 0.2 M NaCl (data not shown).
To identify the proteins associated with this antiproliferative activity, each active fraction was analysed by sodium duodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), and at least 15 proteins were detected by silver staining (Figure 1b) . Some of these were serum contaminants because they were not detectable in the medium after 24 h of metabolic cell labeling with 35 S-methionine. This serum contamination was illustrated by the presence of the most intense band at 66 kDa, which corresponded to bovine serum albumin. Two major neo-synthesized proteins with an apparent molecular weight of 30 and 73 kDa appeared S-methionine was dialysed, concentrated and purified on an high pressure liquid chromatography (HPLC) system as described in the Materials and methods section. The ultraviolet (UV) elution profile was recorded at 280 nm (dashed lines). The antiproliferative activity of the collected fractions was measured by adding 75 ml of each odd fraction to triplicate culture wells containing 100 000 RBA cells growing in the log phase. The DNA content was evaluated after 5 days incubation and the values are expressed as a percentage of DNA recovered in control wells treated with buffer alone (solid lines). (b) HPLC fractions from the above experiment containing the antiproliferative activity were subjected to 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) separation without any reducing agent, and silver stained (left) or processed for fluorography of S
35
-labelled proteins (Brighty and Jassal, 2001) . (c) Identification of rat Hsc70 by peptide microsequencing. The major 70-to 73-kDa protein was digested with trypsin as described in the Materials and methods section. Three different peptides were isolated by HPLC and sequenced. All sequences were identical to the rat 73-kDa hsc70 and peptide 3 was specific to hsc70 isoform 1. (d) Secreted proteins from CM or commercialized heat inducible proteins (Hsp70) were immunoblotted with Hsc70 or Hsp70-specific antibodies.
Extracellular hsc70 and growth arrest P Nirdé et al to be correlated with the antiproliferative activity. More attention was given to the 73-kDa protein because its secretion was earlier found to be decreased by cancer cells overexpressing cath D (Liaudet et al., 1995) . To further characterize the 73-kDa proteins, this band was extracted from the gel after CM separation, and N-terminal sequencing was then performed on three trypsin digestion peptides using an automatic peptide sequencer system (Figure 1c) . The sequences were compared with protein databases and their analysis clearly revealed that these peptides corresponded to the 70-kDa heat shock protein sequence (O'Malley et al., 1985; Sorger and Pelham, 1987) . Moreover, peptide 570-583 was able to differentiate the constitutive Hsc70 among other members of the highly conserved heat shock protein family owing to the presence of residues I570, N575 and I577. In addition, the sequence of this fragment also indicated that the secreted hsc70 was the isoform 1 protein because isoform 2 did not contain residues encompassing the 570-583 sequence. Western blots with specific Hsp70 and Hsc70 antibodies confirmed that Hsc70 was the secreted protein ( Figure 1d ).
Heat shock cognate 70 protein is secreted by high-density cells but not shed by lysed cells To determine whether hsc70 was the result of secretion by cancer cells and not a cell lysis product, we compared the patterns of both the secreted and intracellular proteins of confluent cells on SDS-PAGE after metabolic labeling with 35 S-methionine ( Figure 2a ). The relative protein patterns strongly differed between the extracellular and intracellular compartments. As examples, the 256-kDa protein was abundantly secreted but barely present within the cells, whereas the 135-kDa protein was poorly secreted. The amount of secreted 70-kDa band corresponded to 19% of the total amount of secreted proteins, whereas the intracellular amount of this band represented only 2% of the total labeled intracellular protein content in these cancer cells. In contrast, in cath D overexpressing cells, the secreted 70-kDa band is reduced to 0.1% of the total secreted proteins. From a macroscopic standpoint, we quantified the percentage of cell death in a trypan blue exclusion assay. Over the same assay period, only 1.6% of the total number of control and cath D overexpressing cells died. This suggests that release of the protein content by passive mechanisms is limited and identical in both situations ( Figure 2b ). In addition, we used the property of the heat shock protein family that binds ATP to subject the CM to ATP-agarose chromatography. The bound proteins were eluted before SDS-PAGE analysis and silver staining revelation ( Figure 2c ). The elution profile showed that the detected Hsc70 protein was the only excreted Hsc protein present in the medium. Fractions 4-6 contained the majority of the secreted Hsc70. Overall, these results indicated that the extracellular hsc70 was the result of protein secretion in culture medium rather than being part of the general release of intracellular proteins after cell lysis.
Contact inhibition and relationship with heat shock cognate 70 protein
We next examined the morphological changes between high-density 3Y1-Ad12 controls and cath D overexpressing cells. Scanning electron microscopic studies revealed morphological alterations in confluent cells when comparing controls and clones stably transfected with cath D complementary DNA. Control cells exhibited a flattened morphology of monolayer cells at confluency with rare disseminated foci ( Figure 3a ). In contrast, transfected cells continued to proliferate with overlapping cell layers and achieved a higher density multilayer ( Figure 3b ) containing aggregated colonies. This loss of contact inhibition was even more pronounced when cultures were prolonged for over 10 days, as revealed by cellular DNA quantitation to monitor cell was purified by ATP-agarose gel chromatograghy from control cell conditioned medium (CM), analysed by SDS-PAGE, and silver stained. Commercial Hsc70 (100 ng) was used as control protein.
Extracellular hsc70 and growth arrest P Nirdé et al growth ( Figure 3c ). Control cells reached the plateau phase at around 18 mg DNA/well on day 6 and onward, whereas transfected cells did not reach the plateau phase even on day 10 of the experimentation. The maximal density for the transfected cells reached 38 mg DNA/ well. We then assayed Hsc70 secretion from control cells and from clones expressing cath D (Figure 3d ). This ability of the transfected cells to proliferate and form multilayered colonies was linked to a marked decrease in hsc70 secretion (Figure 3d ). Cath D expressing cells secreted 60% less hsc70 at confluency than the control cells. We have also tried to decrease Hsc70 secretion by RNA interference silencing in order to further show its implication in contact inhibition. However, we did not obtain such genetic proof because cells became detached during the experiment and died (data not shown). This result was in accordance with data of Florin et al. (2004) indicating that Hsc70 knockout cells were nonviable.
Regulation of heat shock cognate 70 protein secretion by cell density, serum deprivation and lysosomotrophic bases The effects of different growth regulating parameters were examined on Hsc70 expression. Hsc70 levels were evaluated in both the intracellular and extracellular compartments of two cath D transfected clones and their corresponding controls after 24 h standard culture with increasing amounts of serum in the culture medium (Figure 4) . No significant differences were observed with respect to the amount of intracellular Hsc70 in the controls and the cath D clones (Figure 4a ). However, an increase in Hsc70 occurred within both cell types with serum removal from the culture medium. In contrast, secreted Hsc70 was markedly different (P ¼ 0.0014) in clones expressing cath D as compared with control cells (Figure 4b ). Control cells secreted large amounts of Hsc70, with a mean ranging from 24 to 36 ng/10 6 cells depending upon the percentage of serum in the culture medium, whereas cath D clones produced about 10-fold less Hsc70 than the controls (2.5 vs 24 ng/10 6 cells). For serum withdrawal, a slight increase in secreted Hsc70 was observed, and the transfected clones produced about fivefold less Hsc 70 than the control cells.
Heat shock cognate 70 protein secretions was also influenced by the cell density, as shown in Figure 4c , and different effects were observed in the controls and the cath D expressing clones. In control cells, an increase in the cell density from 0.4 to 1.5 Â 10 6 cells/cm 2 is associated with enhancement of extracellular Hsc70 from 33 to 60 ng/10 6 cells. When clones expressed cath D and formed multilayer cells, scarce amounts of extracellular Hsc70 could be recorded and no significant modulations of Hsc70 were observed throughout the Extracellular hsc70 and growth arrest P Nirdé et al tested density range. In the same culture conditions, we used the trypan blue assay to evaluate the percentage of cell death. For control cells, as well as for the transfected clones, the mean cell death did not exceed 2.4% of total cells (data not shown), as expected for these cultured cells.
To further confirm that the cath D enzyme was involved in Hsc70 secretion, we neutralized cath D maturation in acidic compartments by using weak bases such as chloroquine or ammonium chloride, as described earlier by Liaudet (Liaudet et al., 1995) . As shown by western blotting, when such bases were added to the medium, secreted Hsc70 was significantly increased from 7.7 ng/10 6 cells in cath D cells to 47 ng and 38 ng/10 6 cells in chloroquine and ammonium chloride-treated cells, respectively (Figure 4d ). These results suggest that the acidity of cellular organelles, which is necessary for cath D maturation and activity, is required to prevent Hsc70 secretion. It is known that a pH increase induces a conformational change in cath D because the N-terminal becomes positioned in the active site cleft at neutral pH, masking both active D33 and D231 residues to the substrate, as revealed by crystal structure (Baldwin et al., 1993; Metcalf and Fusek, 1993) .
Cath D expression did not affect the responsiveness to extracellular Hsc70
To verify the hypothesis that Hsc70 secretion and Hsc70-mediated growth inhibition are independent mechanisms, we complemented the culture medium with 35 S-methionine labeled conditioned media from control and cath D cells (Figure 5a ). As expected, the cellular binding of the 70-kDa protein was observed only in the presence of a CM obtained from control cells, which secrete Hsc70. Interestingly, the amount of 70-kDa protein bound to cath D cells was strictly identical to that retained by the control cells. In addition, CM from control cells inhibited proliferation of cath D recipient cells to the same extent as for control cells (Figure 5b ). These data indicated that cath D expression did not affect neither the Hsc70 cell uptake nor the Hsc70-induced growth inhibition.
Involvement of extracellular heat shock cognate 70 protein in antiproliferative cell activity
To assess the antiproliferative activity of this protein, we supplemented the culture medium with an ATP-agarose purified Hsc70 from serum-free CM, as described in Figure 2c . Increasing nanomolar amounts of Hsc70 were then added to log phase proliferating cells. As shown in Figure 6a , up to 2 nM purified Hsc70 markedly decreased cell proliferation in a dose-dependent manner. Thereafter, higher amounts of Hsc70 did not significantly influence cell proliferation. Hsc70 decreased cell proliferation to 24% (that is, 76% inhibition) as compared with an inactive fraction used as control. To determine whether or not the binding site of extracellular Hsc70 was required for its antiproliferative activity, we used an RNase A protein bounding Hsc70 at position 450-462 through its KFERQ sequence (Agarraberes et al., 1997) (residues 7-11 from RNase A). The RNAse A from up to 1 mg/ml totally reversed the inhibitory effect of CM from confluent cells (Figure 6b ). This indicated that the binding of Hsc70 to proteins containing KFERQ was probably required to avoid proliferation. Moreover, the addition of the S-peptide (Chiang et al., 1989) (corresponding to the 1-20 N-terminal amino acids of RNAse A) prevented much of the activity of the CM thereby suggesting that extracellular Hsc70 had a major role in the growth inhibition (Figure 6c ). On the contrary, the additional growth inhibition observed after serum withdrawal was not totally prevented by Figure S2B) .
Discussion
This study provides evidences of the contribution of Hsc70 in cancer cell growth regulation through secretion of this protein in the extracellular environment. We isolated this extracellular protein for its antiproliferative activity and identified it as the hsc70 through microsequencing of trypsin fragments. The sequence of the fragment at the amino-terminal end of the protein is characteristic of the Hsp70/Hsc70 family within the ATP-binding site of the protein (Munro and Pelham, 1986; Sorger and Pelham, 1987) . Retention of the protein on an ATP-affinity chromatography column suggests that a functional ATP binding site is present on the molecule. In addition, the carboxy-terminal end of the protein fragment allowed us to clearly identify this protein as the rat Hsc70 isoform 1, because this Cterm sequence is specific to the Hsc70 isoform 1 and is missing within isoform 2 (Tsukahara et al., 2000) , in addition to the monoclonal antibody recognition that discriminates an antigenic determinant localized only within the specific isoform 1 protein. This 646 residue protein was highly conserved during mammalian evolution and differs only by the N579S amino-acid change between human and mouse or rat (O'Malley et al., 1985) whereas the hsp70-gene family is characterized by a large diversity (Brocchieri et al., 2008) . In addition, the identification of this protein as being Hsc70 was confirmed by the fact that an hsp70 antibody could not recognize this protein. This protein was eluted in a gel filtration system as a single active peak corresponding to approximately 290 kDa, indicating that the protein may exist as a multimeric (possibly tetrameric) species. Such self-association has been described through size-exclusion chromatography when an Hsc70 concentration of over 4 mM was loaded onto a fast pressure liquid chromatography column (Fouchaq et al., 1999) . Heat shock cognate 70 protein, like many other heat shock proteins, remains intracellular and the detection of a such protein in the extracellular compartment might be the consequence of either cell lysis or cell death, Figure 6 Effect of purified heat shock cognate 70 protein (Hsc70) and Hsc70 competitors on cell growth. (a) Increasing amounts of Hsc70 purified from confluent control cells as described in Figure 2c were added to recipient exponential cell cultures. Cell growth was monitored by their DNA content after 5 days treatment (filled circles). Identical volumes of ATP-eluted fraction that did not contain hsc70 was used as control (open circles). (b) Increasing amounts of RNAse A were added to the control cell conditioned medium (CM) at the indicated concentration. Cell growth was the result of the cellular DNA content determined by DABA assay. Dashed lines represent the seeding cells at the beginning of the experiment, and the cell growth in standard medium with 2% serum (without CM). The data are mean results of three independent experiments run in triplicate. (c) 1mg/ml S-peptide was added to the culture medium with 5% ( þ ) or with 0.5% (À) serum. Cell growth was measured as mentioned earlier.
(d) Cell growth was inhibited by the control cell CM and this effect was reversed by an initial batch wise treatment with ADP-agarose (CM þ ADP) to remove Hsc70 (**Po0.001 vs untreated control, ***Po0.001 vs CM). Extracellular hsc70 and growth arrest P Nirdé et al which is always possible in cell cultures, or in contrast because of active release by the cells. According to the first hypothesis, the protein pattern between the two compartments would be qualitatively similar, considering the extremely higher abundance of some major intracellular proteins. This hypothesis was not confirmed by our data, because the absence of major intracellular proteins in the extracellular compartment suggests that the existence of Hsc70 out of cells is due to an active secretion. Hsc70 does not present the sequence leader to be secreted through the classical pathway. However, the use of a general lysosomal inhibitor, such as ammonium chloride that alters the lysosomal pH, functions as an enhancer of hsc70 secretion. It should be stressed that the opposite effect has been reported for hsp70 from prostate cancer cells, in which an increase in the intralysosomal pH inhibited Hsp70 secretion (Mambula and Calderwood, 2006) . Taken together, these results suggest that the routes of Hsp70 and Hsc70 secretion differ. These observations could be linked to the fact that, although they have very similar sequences, an increasing body of data indicate that these two proteins have different physiological functions (Dressel et al., 2003; Rohde et al., 2005; Goldfarb et al., 2006; Tutar et al., 2006) . Another possible alternative route for Hsc70 secretion is via exosomes (Agarraberes et al., 1997; Thery et al., 1999; Geminard et al., 2001; Clayton et al., 2005) . In our model, however, we were unable to show the presence of Hsc70 within a 100 000 Â g pellet isolated from CM (data not shown).
Moreover, we also found that Hsc70 secretion was increased by two events that negatively regulated cell growth, that is, serum starvation and cell confluence. These events trigger numerous cellular modifications in cancer cells, including intracellular regulator overexpression (Marchesini et al., 2004; Anagnostopoulou et al., 2006) . The modulation of Hsc70 secretion by cell confluence was abolished when cells overexpressed moderate levels of cath D. Earlier data have shown that overexpression of cath D in 3Y1-Ad12 rat cancer cells was sufficient to increase both the metastatic phenotype of the cells and their capacity to proliferate to a higher cell density and form colonies in soft agar. In breast cancer patients, cath D overexpression can be measured in tumor tissues, and several clinical metaanalyses have correlated the cytosolic concentration of cath D in primary tumors with an increased risk of metastasis (Bossard et al., 2003) . It should be noted that the present results were obtained for cath D levels below the median concentration noted for primary breast cancers (70 pmol/mg cytosol protein) (Garcia et al., 1996) . An attractive hypothesis would be that Hsc70 serves as a substrate for cath D overexpressing cells within acidic endolysosomes, and thus the pH of this organelle would be neutralized by lysosomotropic agents inhibiting cath D activity and increasing Hsc70 secretion. The antagonistic effect of cath D overexpression on Hsc70 secretion indicates that these two proteins might be localized in the same organelle. In this regard, Mambula et al. (2007) suggested that endolysosomes contain both Hsc70 and cath D proteins. Although the mechanism of action of cath D is not known, the reversal of cath D action by lysosomotropic compounds in 3Y1-Ad12 cells, by pharmacological inhibitor pepstatin A in the human breast cancer MCF7 and MDA-MB-231 cell lines, or the siRNA silencing, suggests that the enzyme might proteolyse Hsc70, or another protein that is required for Hsc70 secretion. Our unsuccessful attempts to hydrolyze Hsc70 by cath D has advocated for a cath D indirect effect on Hsc70 secretion. However, an interaction between cath D and Hsc70 cannot be excluded because a sequence equivalent to the classical KFERQ motif (Chiang and Dice, 1988; Terlecky and Dice, 1993) for Hsc70 binding was found at position 109 (KvERQ) in the N-termimus of cath D, corresponding to an external domain of this protein, as revealed by crystal structure analysis (Baldwin et al., 1993; Metcalf and Fusek, 1993) .
Finally, we showed that secreted Hsc70 inhibited cell proliferation in the nanomolar concentration range in rat cells. This effect corresponded to most of the antiproliferative activity of the CM. Nanomolar concentrations of recombinant Hsc70 also modulated the breast cancer cell proliferation, however, to a lesser extent, indicating that Hsc70 could be part of a more complex structure to fully reduce growth. The prevention of the Hsc70 antiproliferative activity because of competitors at the Hsc70 binding site also suggests that this binding site is involved in the antiproliferative response. Moreover, we also showed that cellular binding to Hsc 70 and its subsequent antiproliferative response were clearly unchanged within all clones overexpressing cath D. This indicates that the Hsc70 inhibition of cell proliferation is independent of cath D overexpression, whereas its secretion is not. These findings suggest that the routing pathways for Hsc70 secretion and uptake are quite distinct. In conclusion, we provide the first evidence that the hsc70 is secreted by confluent cells, and that this extracellular protein has an active role in the contact inhibition of cancer cells. Moreover, the decrease of this secreted chaperone might account for the higher growth of cancer cells overexpressing cath D.
Materials and methods

Cell line and culture
Rat embryo cell lines transformed with adenovirus type 12 (3Y1-Ad12), RBA rat mammary adenocarcinoma cells (Cohen et al., 1974) were maintained in Roswell Park Memorial Institue Medium (RPMI, Invitrogen, Gercy Pontoise, France) supplemented with 5% fetal calf serum.
Stable transfectants of 3Y1-Ad12 expressing human cath D, or controls transfected with the vector alone, were cultured with 400 mg/ml geneticin as described earlier (Liaudet et al., 1995) . HealthCare, Orsay, France). The secreted proteins were analysed by SDS-PAGE, followed by fluorography.
Protein labeling
Growth inhibition
The growth inhibitory activity of conditioned media, HPLC fractions or purified Hsc70 protein, was measured on recipient low-density cells (RBA rat mammary cancer cells or 3Y1-Ad12 rat embryo cancer cells) growing for 5 days in the log phase in the presence of 2% fetal calf serum. Controls were performed using similar volumes of medium, or buffer used in the same conditions. The DNA content was determined in triplicate wells as described eatlier (Liaudet et al., 1995) .
Purification of 70-kDa protein and microsequencing Confluent 3Y1-Ad12 cells were washed and incubated for a further 24 h in serum-free medium. The media were dialysed against distilled water, adjusted with 20 mM Tris (pH 7.5) and 1 mM CHAPS before concentration by lyophilization. The proteins were purified in a procedure involving ion-exchange chromatography with an elution performed using a 0-0.5 M NaCl gradient. The antiproliferative activity of each fraction was then evaluated in an RBA-mammary cell test, which has earlier shown to be a better antiproliferative test than that involving 3Y1-Ad12 cells. Fractions containing the inhibitory activity were pooled, then applied onto a gel filtration column using HPLC (Amersham GE HealthCare). The inhibitory activity of each HPLC fraction was determined as described earlier. The proteins from positive fractions were pooled, lyophilized and separated on SDS-PAGE with low ammonium persulfate concentration, without heating or the addition of 2-mercaptoethanol. The major 70-to 73-kDa protein associated with growth inhibition was isolated from a nonreducing Coomassie blue stained SDS-PAGE, solubilized, then digested with trypsin for peptide isolation and sequencing in a Beckman automatic peptide sequencer (Beckman Coulter, Villepinte, France).
High pressure liquid chromatography High pressure liquid chromatography was performed on a normal phase column using phosphate buffer as solvent. A linear gradient (1 ml/min, 30 min) was used and absorbance was measured at 280 nm. Fractions of 30 s were collected, dried under nitrogen flow, then dissolved in 0.1 M phosphate buffer, and analysed for the cell proliferation procedure.
ATP-agarose chromatography
Conditioned medium were prepared from high-density control 3Y1-Ad12 cells after 24 h secretion in serum-free conditions. The CM was dialysed, concentrated by lyophilization and equilibrated in buffer D (20 mM NaCl, 15 mM 2-mercaptoethanol, 3 mM MgCl2, 20 mM Tris, pH 7.5) through a PD10 column. The concentrated medium was then loaded onto a 5 ml ATPagarose gel column (Sigma-Aldrich chimie, Lyon, France). The column was washed successively with three volumes of (i) buffer D, (ii) buffer D supplemented with 0.5 M NaCl and (iii) buffer D. Finally, the retained proteins were eluted with 1 ml fractions of buffer D þ 3 mM ATP. To test the antiproliferative activity, the fractions were washed three times with culture medium and concentrated twice with Centricon Biomax 5.
Scanning electron microscopy Cells were grown on glass coverslips in phenol red-free DMEM with 5% dextran-coated charcoal (DCC)/fetal calf serum for 5 days. They were fixed with glutaraldehyde (3.75%) for 2 h and post-fixed with 1% osmium tetroxide (1% for 1 h in Millonig buffer at pH 7.3. Coverslips were rinsed in Millonig buffer and dehydrated through a graded series of alcohol and isoamyl acetate before critical-point drying. After mounting on an aluminum support, samples were coated with gold, and then examined with a JEOL Model JSM-35 scanning electron microscope (JEOL Europe SAS, Villepinte, France) at 15 kV.
Secreted heat shock cognate 70 protein quantitation SDS-polyacrylamide gel electrophoresis was performed using known amounts of commercial Hsc70 as standard tracks. After western blot, the tracks were scanned and quantified using scion image for Windows (Scion Corp., Frederick, MA, USA).
Data analysis
Statistical significance was analysed using student's t-test from GraphPad Prism, version 3.00 for Windows (GraphPad Software Inc., San Diego, CA, USA). Values of Po0.05 were considered significant.
